A major proline tRNA was purified from bulk Escherichia coli A19 tRNA by affinity chromatography with a biotinylated DNA probe. Its nucleotide sequence including modified nucleotides was determined by the post-labelling technique. In order to study the recognition sites of this proline tRNA for prolyl-tRNA synthetase, various mutant transcripts were prepared using an in vitro transcription system with T7 RNA polymerase. Based on the results of in vitro kinetic analyses of mutant transcripts, it was concluded that the second and third letters, G35 and G36, of the anticodon, G37 of the anticodon loop, the discriminator base A73, G72 of the acceptor stem, G49 and U17A that existed in the corner of an L-shaped structure are the recognition sites of proline tRNA for prolyl-tRNA synthetase.
INTRODUCTION
Although all of the tRNA gene sequences from Escherichia coli have been clarified, some tRNA sequences have still not been elucidated (1, 2) . RNA sequences and base modifications of all three proline tRNA isoacceptors have been unknown. Here, we report on the determination of the nucleotide sequence including modification of a major proline tRNA from E. coli, and the recognition sites of proline tRNA for prolyl-tRNA synthetase (ProRS) by using various mutant transcripts prepared by an in vitro transcription system with T7 RNA polymerase.
RESULTS AND DISCUSSION An E. coli major proline tRNA (anticodon CGG) was purified from a crude RNA fraction of strain A19 by the solid-phase hybridization method (3) using an immobilized DNA probe whose sequence was complementary to the 3'-terminus of a proline tRNA gene as reported (1) . The nucleotide sequence of the proline tRNA was determined by the Donis-Keller method (4). The location and identification of modified nucleotides were determined according to the method of Kuchino et al. (5) . The cloverleaf structure of the E. coli proline tRNA (CGG) is shown in Figure 1 . The nucleotide sequence is identical to the gene sequence already published (1) . The presence of n^G at position 37 is observed in all sequenced proline tRNAs (2).
In order to study the recognition sites of proline tRNA for ProRS, various transcripts were prepared by an in vitro transcription system with T7 RNA polymerase. The construction of plasmids carrying the T7 promoter and the tRNA gene, and the transcription procedure have been described earlier (6, 7) . Three known DNA sequences of proline tRNAs share a unique Cl- G72 base pair. This pair was substituted with other sets. A transcript having Gl showed nearly the same activity as that of the wild-type sequence, but a mutation from G72 to C72 led to the complete loss of prolylation activity. Mutation at the discriminator base A73 caused a great reduction in activity (8) . A transcript in which the anticodon second letter, A35, was replaced by G35 retained its activity. However, either a substitution from G35 to another nucleotide or from the third letter, G36, to another nucleotide led to a remarkable decrease in proline charging activity. These observations are consistent with the results of previous reports (9) (10) (11) . The G49-U65 pair is also conserved within the three isoacceptors of proline tRNA. A mutant at this pair to G49-C65 pair had near-normal activity, whereas an A49-U65 mutant had dramatically reduced activity. Mutations at G37 of the anticodon loop and the deletion of U17A that existed in the corner of an L-shaped structure are also caused a great reduction in the prolylation activity. These results indicate that the second and third letters, G35 and G36, of the anticodon, the discriminator base A73, G72 of the acceptor stem, and G49 are recognition sites of proline tRNA for E. coli ProRS.
